The diagnosis of feline infectious peritonitis (FIP) is hampered by the characteristic etiopathogenesis of the disease. 9 The coronavirus responsible for the disease (FIPV) originated by a mutation in the widespread feline enteric coronavirus (FECV). 9, 14 These coronaviruses are both phenotypically and genotypically identical, as demonstrated by polymerase chain reaction (PCR). 14 Both feline coronaviruses (FCoVs) are able to trigger the production of antibodies. High anti-FCoV titers are also detectable in healthy cats in FECVendemic catteries, 9,10 and the formation of immune complexes could results in negative serology in symptomatic cats. 8 Furthermore, false-positive results occur from cross-reactivity with coronaviruses of other species, such as canine coronavirus (CCV) or transimissible gastroenteritis virus (TGEV), or with extraneous noncoronavirus proteins that are copurified with the FCoV and included in commercially available diagnostic enzyme-linked immunosorbent assay kits. 1 Hematology, serum chemistry, and serum protein electrophoresis give only a strongly suggestive but nonpathognomonic pattern of FIP. 9, 12, 13 In the effusive forms, diagnosis could be improved by cytology 3 and protein analysis of the fluid. 9,11-13 Although FCoV RNA has been demonstrated in the plasma of healthy cats in FECV-endemic catteries, 6 FCoVs detected from areas other than the intestinal lumen should be interpreted as FIPV, particularly if the viruses are detected in lesions 15 or effusions. 2 In this study, the results obtained using 3 different diagnostic methods (anti-FCoV direct immunofluorescence test, cytology, and protein analysis) for 110 cats with effusions over a 5-year period were compared to determine the utility of these methods for diagnosing FIP from analysis of the effusion alone. Cats with clinically detectable effusion were examined (Table 1) , although in some cases clinical and laboratory data (serum chemistry, ultrasonography, macroscopic appearance of the effusion) suggested diseases other than FIP.
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The diagnosis of feline infectious peritonitis (FIP) is hampered by the characteristic etiopathogenesis of the disease. 9 The coronavirus responsible for the disease (FIPV) originated by a mutation in the widespread feline enteric coronavirus (FECV). 9, 14 These coronaviruses are both phenotypically and genotypically identical, as demonstrated by polymerase chain reaction (PCR). 14 Both feline coronaviruses (FCoVs) are able to trigger the production of antibodies. High anti-FCoV titers are also detectable in healthy cats in FECVendemic catteries, 9, 10 and the formation of immune complexes could results in negative serology in symptomatic cats. 8 Furthermore, false-positive results occur from cross-reactivity with coronaviruses of other species, such as canine coronavirus (CCV) or transimissible gastroenteritis virus (TGEV), or with extraneous noncoronavirus proteins that are copurified with the FCoV and included in commercially available diagnostic enzyme-linked immunosorbent assay kits. 1 Hematology, serum chemistry, and serum protein electrophoresis give only a strongly suggestive but nonpathognomonic pattern of FIP. 9, 12, 13 In the effusive forms, diagnosis could be improved by cytology 3 and protein analysis of the fluid. 9, [11] [12] [13] Although FCoV RNA has been demonstrated in the plasma of healthy cats in FECV-endemic catteries, 6 FCoVs detected from areas other than the intestinal lumen should be interpreted as FIPV, particularly if the viruses are detected in lesions 15 or effusions. 2 In this study, the results obtained using 3 different diagnostic methods (anti-FCoV direct immunofluorescence test, cytology, and protein analysis) for 110 cats with effusions over a 5-year period were compared to determine the utility of these methods for diagnosing FIP from analysis of the effusion alone. Cats with clinically detectable effusion were examined (Table 1) , although in some cases clinical and laboratory data (serum chemistry, ultrasonography, macroscopic appearance of the effusion) suggested diseases other than FIP.
Approximately 2 ml of effusion was withdrawn from each cat before death (72 cats) or within 2 hours after death (38 cats). The sampled fluid was put in a tube containing ethylenediamine tetraacetic acid. The protein content of the effusions of 51 cats was evaluated in a discrete autoanalyzer a by the biuret method. b Fifty to 100 l of fluid was cytocentrifuged c within 15 hours at 130 ϫ g for 10 minutes. Two slides were obtained from each fluid sample; 1 slide was routinely stained with May Grünwald-Giemsa and the other was used immediately or after storage at Ϫ20 C for no more than 1 week for direct immunofluorescence (DIF) tests as previously described. 2 The slides were fixed and dehydrated in acetone : methanol (3:1) for 20 minutes and incubated for 30 minutes at 37 C in a moist chamber with 100 l of a feline polyclonal fluorescein-conjugated antiserum d detecting FCoV biotypes I and II and cross-reacting with TGEV and CCV. After washing 4 times for 10 minutes each with a 25% solution of carbonate buffer (pH 9), the slides were mounted in buffered glycerol and examined using a fluorescent microscope at 250-400ϫ magnification. Negative and positive frozen tissue sections were included in each test as controls. The clinical diagnoses were verified by postmortem examinations, and the same DIF procedure was performed on frozen sections of affected organs. A t-test for independent samples was used to compare protein concentration obtained from FIP and non-FIP cats. The diagnostic potential of each test was evaluated using sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). These parameters were calculated as previously suggested 5 ( Table 2) .
On the basis of the presence of typical abdominal or thoracic lesions and the detection of FCoV antigen by DIF in the histologic lesions, 79 of the 110 cats were diagnosed as having effusive forms of FIP. These cats had a yellowish, dense, and fibrinous effusion in the abdomen (63%) or in the chest (22%) or in both the cavities (15%) and had typical DIF-positive FIP lesions. 2, 9, 15 In the other 31 cats, the effusions were due to diseases other than FIP. Neither macroscopic and histologic typical lesions or anti-FCoV DIF-positive cells were found. The final diagnoses and the result of the tests performed on the effusions are reported in Table 3 .
The protein content of the effusions from FIP cats (59.9 Ϯ 18.2 g/liter) was significantly greater than that observed in the cats with other diseases (40.2 Ϯ 27.6 g/liter) (P Ͻ 0.01). In 27 of 31 cats with FIP (87.1%) and 12 of 20 cats without FIP (60%), the effusions had a protein content Ͼ35 g/liter, which is considered the cutoff value for diagnosis of FIP. 12 Cytology of the fluids from 71 of the 79 FIP cats (89.8%) were suggestive of FIP, with a mixed population of degenerated granulocytes, lymphocytes, macrophages, and mesothelial cells and a granular proteinaceous background; these findings are consistent with those considered diagnostic for FIP. 3 A low cellularity or the absence of the proteinaceous background did not support the suspicion of FIP in the remaining 8 cats (10.2%). In 22 of the other 31 cats (70.9%), some specific cytologic finding (e.g., the presence of bacteria or the detection of neoplastic cells) allowed diagnosis of a disease other than FIP, whereas in the remaining 9 cats (29.1%), a nonspecific cellularity or the presence of precipitated proteins did not allow exclusion of FIP.
When the results of the cytology and the protein content of the effusions were considered together, 25 of the 31 FIP cats (80.6%) and 4 of the 20 cats with diseases other than FIP (20%) showed either a protein content Ͼ35 g/liter or a cytologic pattern suggestive of FIP. DIF-positive cells were found in the cytocentrifuged peritoneal and pleural effusions obtained from 75 of the 79 FIP cats (94.9%). The characteristics of the positive cells were similar to those previously described. 2 None of the 31 non-FIP cats possessed DIF-positive cells.
The difficulty of diagnosis of FIP by clinical examination and radiographic or laboratory methods (serum chemistry, hematology, serology) was confirmed in this study; in only 79 of 110 cats (71.8%) were clinical suspicions confirmed by postmortem examinations and DIF performed on frozen tissue. Histology is considered to be the only indisputable diagnostic test for FIP, 9 and only the detection of viral antigen by immunohistologic techniques 15 provides the definitive etiologic diagnosis. Unfortunately, the use of both histology and immunohistology requires a biopsy, and animals with FIP are often too compromised to receive anesthesia.
An in vivo diagnostic test that is both highly reliable and minimally invasive is needed for the effective management of diseased cats. Although the simultaneous analysis of clinical data (history, age, symptoms) and laboratory findings could improve diagnostic efficiency, 7,9 the most common alterations found in cats with FIP are not specific and are detectable in cats with many other chronic diseases. Although no other diagnostic tests are available for noneffusive FIP, the analysis of the effusions, when present, remains one of the most reliable diagnostic tools. The detection of viral RNA in body fluids using a nested PCR assay might suggest the presence of the FIPV, but false-negative and false-positive results can occur using blood 6 or effusions. 4 Semiquantitative protein analysis of abdominal or peritoneal fluid has been considered the only conclusive test for effusive FIP. 9, 11, 12 A comparison of the reliability of various diagnostic methods is provided in Table 4 .
The diagnostic criterion of protein content Ͼ35 g/liter in the effusion has a sensitivity of 87.1%, a specificity of 60%, an accuracy of 76.5%, a PPV of 77.1%, and an NPV of 70.5%. A higher sensitivity (100%) and a lower specificity (44%) have been reported elsewhere for sample populations containing many cases of lymphocytic cholangitis. When the cases of lymphocytic colangitis were omitted from the analysis, the specificity increased to 59%. 12 A cytologic finding suggestive of FIP (presence of nondegenerate and degenerate neutrophils, macrophages, some lymphocytes, and proteinaceous background) has a sensitivity of 89.8%, a specificity of 70.9%, an accuracy of 84.5%, a PPV of 88.7%, and an NPV of 73.3%. These parameters are, respectively, 80.6%, 80%, 80.4%, 86.2%, and 72.2% when the protein content and the cytology of the effusions are considered together.
The DIF performed on the cytocentrifuged effusions produced the highest values for each of the parameters, with a specificity of 100%, a sensitivity of 94.9%, an accuracy of 96.3%, a PPV of 100%, and an NPV of 88.6%. The detection of FCoV in histologic lesions of all the FIP-affected cats and in none of the lesions of the cats that died from other causes confirms that specificity, sensitivity, PPV, and NPV of the biopsy are 100% and that this diagnostic test is the only conclusive test for FIP. 9 The analysis of these data shows that the use of routine tests such as the evaluation of the protein content or the cytologic examination of the effusions could improve the probability of correctly diagnosing the disease. The combination of these 2 tests (protein analysis and cytology) further increases the specificity, but at the expense of a loss of sensitivity, similarly to that observed with the combination of other tests. 12 Furthermore, the high reliability of DIF performed on effusions for the in vivo diagnosis of FIP was confirmed. None of the other diagnostic tests have both high sensitivity and specificity, and a PPV of 100% was found only for the electrophoretic evaluation of the fluids, when the ␥-globulin content of the effusion was Ͼ32%. 11 Unfortunately, a negative DIF test on the effusion cannot be used to exclude the possibility of FIP; the NPV of this test is lower than that observed for certain other tests used alone or together (lymphopenia hyperglobulinemia, anti-FCoV titers). 12 For the effusive form of FIP, protein analysis, cytology, and the DIF test for FCoV performed on the effusion could improve the probability of correct diagnosis of the disease. distress developed at 2 months of age, and the puppy was reevaluated. Abdominocentesis was performed, and 220 ml of clear red fluid was removed but was not evaluated. Ascites developed again, and abdominocentesis was performed at 3.5 months of age. Laboratory evaluation of the fluid yielded a hemorrhagic modified transudate with a protein concentration of 2.6 g/dl. There were 2,500 nucleated cells mm 3 with 52% monocytes, 25% lymphocytes, 15% neutrophils, and 8% eosinophils. There were 150,000 red blood cells mm 3 . Erythrophagocytic macrophages and rare mesothelial cells were observed. A blood sample was obtained. Serum chemistry values included a total protein value of 4.8 g/dl, alkaline phophatase of 81 units/liter, alanine aminotransferase of 117 units/liter, phosphorus of 8.7 mg/dl, potassium of 6.3 meq/liter, albumin/globulin ratio of 2.0, and
